Drosophila and Caenorhabditis elegans have provided the largest body of evidence addressing the Free Radical Theory of ageing, however the evidence has not been unequivocally supportive. Oxidative damage to DNA is probably not a major contributor, damage to lipids is assuming greater importance and damage to proteins probably the source of pathology. On balance the evidence does not support a primary role of oxidative damage in ageing in C. elegans, perhaps because of its particular energy metabolic and stress resistance profile. Evidence is more numerous, varied and consistent and hence more compelling for Drosophila, although not conclusive. However there is good evidence for a role of oxidative damage in later life pathology. Future work should: 1/ make more use of protein oxidative damage measurements; 2/ use inducible transgenic systems or pharmacotherapy to ensure genetic equivalence of controls and avoid confounding effects during development; 3/ to try to delay ageing, target interventions which reduce and/or repair protein oxidative damage.
Introduction
The ground has recently shifted under the Free Radical Theory of ageing. There have been tremors for the past two decades and warnings sounded, but the degree to which these were heard and then further investigated has only recently increased to the extent that it is beginning to be heard by the mainstream.
The report of the proceedings of the Dahlem Workshop on molecular aspects of ageing, held in Berlin 1994 (Esser and Martin, 1995) , was remarkable for one thing in particular. Amongst several chapters documenting evidence supporting the Free Radical Theory of ageing, Swartz and Maeder (1995) concluded that "The free radical theory of ageing . . . is not well supported by existing data" and that ". . . the evidence for oxidative damage being the principal cause of ageing is not strong and unambiguous".
In the same report, Sohal and Orr (1995) stated that "The most direct and probably the strongest supportive evidence (for oxidative stress causative of ageing) is that overexpression of Cu-Zn superoxide dismutase (SOD) and catalase genes increases the average and maximum lifespans of Drosophila melanogaster by up to one third and delays the age-related loss of function". Orr and Sohal (2003) presented data refuting the conclusions of their earlier work (Orr and Sohal, 1994) .
However the Free Radical Theory of ageing was and is still accepted unquestioningly by many, especially in biomedical * Corresponding author. Tel.: +44 0 1524 592044; fax: +44 0 1524 593192. research. Whether it turns out to be true or not, such uncritical attitudes can be, and probably have been, detrimental to research.
Here we review the vital role played in the development of this field by studies using invertebrate model organisms, including their advantages, limitations and potential for future work. As well as covering work which has been most influential, we have tried also to include work which we think should have been, and should be, more influential. As has become almost inevitable in biology, this work has uncovered a daunting complexity beneath what began as attractive simplicity.
Free Radical Theory -early history
Connecting observations from comparative physiology (metabolic 'rate of living' theory) with radiation biology (oxyradical generation), Denham Harman proposed that functional decline in cells and tissues was due to the cumulative effects of macromolecular damage caused by oxygen radicals produced by respiratory enzymes (Harman, 1956) . This was the Free Radical Theory of ageing.
It is an extraordinarily attractive theory. The mechanism of reactive oxygen species (ROS) production is universal among animals, as is the typical Gompertzian trajectory of population mortality. But most of all, it is a mechanism that causes damage as a by-product of normal living, damage which accumulates over time (Stadtman and Levine, 2000) .
The links between normal ROS production, damage and ultimate effects on the organism are not conclusive. The main reason why such a link may be obscure is represented by much of the work that has occurred in the years since Harman's paper; that the steps from
